After myocardial infarction there is an acute deterioration of the flow properties of blood. The present study was designed to test whether the abnormality persists. Blood and plasma viscosity, red cell aggregation and deformability, haematocrit, erythrocyte sedimentation rate, white cell count, cholesterol, and triglycerides were measured in 51 patients who had had a myocardial infarction 5 4 (mean) years before. Results in patients and controls were compared and matched pairs with identical cardiovascular risk factors were also selected. Blood viscosity and red cell aggregation were increased and red cell deformability was decreased in the 51 patients. The abnormalities were independent of the interval since infarction and persisted for years.
Blood rheology represents the viscous component of the total peripheral resistance.' Its influence on perfusion in various vascular beds increases when the vasomotor reserve is limited. 2 The main determinants of blood viscosity (a crude indicator for the flow properties of blood) are: haematocrit, plasma viscosity, red cell aggregation, and red cell deformability. ' After acute myocardial infarction the blood becomes more viscous.3 If this is a transient acute phase reaction its effect on the perfusion of the heart will not be important; but persistent rheological abnormalities could contribute to the hypoperfusion of the myocardium and might be of pathophysiological importance. 45 We tested haemorrheological variables in patients years after the acute phase of myocardial infarction.
Patients and methods

PATIENTS
We studied 51 (six women and 45 men) consecutive patients aged 39-60 (mean (SD), 54.9 (5-0)) admitted to our rehabilitation unit with confirmed (clinical signs, electrocardiogram, enzymes) acute myocardial infarction from 2 months to 20 years before (mean 5 4) (table 1). We excluded those aged >60 years, those with malignancies or acute or chronic inflammatory diseases, and those taking medications with effects on rheological variables. We used the same criteria to select a control group of 20 patients at the same clinic without a history of infarction.
METHODS
Venous blood was drawn according to a standardised protocol and anticoagulated with 12 5 U/ml lithium heparin. Immediately afterwards the following tests were carried out in triplicate: (a) blood viscosity at 37°C and defined shear rates measured by the LS 30 rotational viscometer (Contraves)6; (b) blood viscosity (as above) at a standardised haematocrit of 45 %7; (c) haematocrit (microhaematocrit centrifuge); (d) (65) 6 (30) 4 (8) 5 (25) 37 (73) 11 (55) 14 (27) 5 (25) 18 (35) 3 (15) 20(39) 6 (30) 12(24) 1 (5) 31 (61) 0 (0) 21 (41) 0 (0) 10 (2) 2 (10) 9 (18) 1 (5) 2 (4) 1 (5) 7 (14) 0 (0) ACE, angiotensin converting enzyme.
were almost identical in matched pairs of patients and controls but red cell aggregation and erythrocyte sedimentation rate were nearly twice as high in patients. Red cell deformability was significantly reduced and blood lipid concentrations were similar in the two groups (table 2) . A comparison of the patient and control groups showed that the triglyceride concentration, erythrocyte sedimentation rate, and blood viscosity readings were significantly higher in the patients. All the other results were similar to those in the matched pairs comparison (table  2) . The interval since acute myocardial infarction had no effect on any of the variables (table  3) . Native blood viscosity tended to increase with time since infarction, while red cell aggregation and standardised blood viscosity (at lower shear rates) remained almost unchanged. Blood viscosity at high shear rates and red cell deformability tended to fall. Differences between subgroups were significant only when the control group was entered into the analysis.
Discussion
The plasma concentration of fibrinogen increases immediately after acute myocardial infarction. " This in turn increases plasma and blood viscosity" and red cell aggregation. 13 Reduced deformability of red and white cells has also been reported after the acute event.4 15 We found that almost all these rheological changes persisted long after an acute myocardial infarction. Analysis of variance clearly showed that the rheological changes were not influenced by the interval since the acute event. Even in the long term there were no significant alterations in the rheological variables we studied.
One hypothesis is that the "rheological deficit" in such patients is not solely the consequence of the infarction but exists independently of it. Thus it might influence perfusion of the myocardium, particularly its microcirculation: normal blood is fluid when shear forces are high and viscous when they are low.' The changes in blood rheological variables that we detected must amplify this effect. Furthermore, vasoregulatory functions are impaired in the ischemic heart'6 so it may not be possible to increase flow to compensate for (local) hyperviscosity. This means that the flow properties of blood could be a significant determinant of blood flow in hypoperfused areas of the heart. Evidence from other studies supports the above hypothesis. A rheological deficit similar to the one we found after acute myocardial infarction, was found in patients with coronary artery disease. '7 This deficit is related to the extent of the coronary atherosclerosis.'8 There are several reports of patients in whom angina was followed by infarction and the rheological abnormality was detected before the infarction took place.'9 The presence of rheological changes before and long after myocardial infarction implies that the abnormality cannot be solely the result of tissue necrosis and acute phase reactions.
Cardiovascular risk factors too are associated with discrete but significant rheological changes (for review see 20) . But they are unlikely to have contributed to the present results, because the results of the matched pairs study were the same as in the group analysis. Our data showed that the abnormality of blood rheology in patients with a history of myocardial infarction was independent of the acute event. The findings suggest that rheological mechanisms contribute to hypoperfusion in coronary artery disease.
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